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Objective: to evaluate local surgical trauma induced by endovascular (TPEG) and conventional infrarenal aortic aneur-
ysm repair (AAA-C), the inflammatory response and changes in cell-mediated and antibody-mediated immunity as
illustrated by the type-1/type-2 T-helper (TH1/TH2) cell balance were investigated.
Design: prospective study.
Patients and Methods: sixteen patients were included, eight patients underwent AAA-C and eight TPEG. Venous
peripheral blood samples were collected 24 h preoperatively and 24, 48, 72 h, 5 and 7 days postoperatively. Besides the WBC,
intracellular TH1/TH2 cytokines (IFN-g/IL-4) and the cell surface markers HLA-DR on monocytes and CD23 on B cells
were measured by four colour flow cytometry.
Results: statistically significant higher values in the AAA-C group were demonstrated for neutrophiles. The TH1/TH2
immunobalance (expressed by forming the ratio of IFN-(g/IL-4 producing T cells as well as by the ratio of HLA-DRpos
monocytes/CD23pos B-cells) showed a significant shift towards TH2 immunity in the AAA-C group whereas TPEG led to a
significant lesser shift 24±72 h after surgery (p5 0.05).
Conclusions: TPEG leads to a minor distortion of the TH1/TH2 immunobalance. This implies that TPEG is a less
stressing procedure, that is especially beneficial in patients whose conditions are considered less suitable for AAA-C due to
age and serious comorbidity.
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Introduction
In recent years, many studies have been published
regarding the impact of conventional abdominal aortic
aneurysms repair (AAA-C) and repair by trans-
luminal placement of endovascular grafts (TPEG).
Several authors have shown that TPEG significantly
reduces procedure related morbidity, leads to a more
rapid convalescence (shorter intensive care unit and
hospital stay) and decreased mortality rates compared
to AAA-C.1±5 TPEG should theoretically lead to less
extensive systemic inflammation than conventional
surgery.6±15
Surgical trauma induces an inflammatory response
followed by the downregulation of cellular and upre-
gulation of humoral immunity.16±19 These different
forms of immunity are known to be mediated by two
subsets of committed T-helper cells, TH1 and TH2
cells,20 that are able to secrete different patterns of
cytokines. Operative trauma may induce a shift in
the TH1/TH2 balance towards TH2 commensurate
with the extent of trauma.16,18,21
These changes in the immunobalance may have
distinct clinical consequences, such as increased infec-
tion rates and a higher postoperative morbidity.19,22,23
The aim of the study was to compare TH1/TH2
response after TPEG and AAA-C.
Patients and Methods
Patients
Sixteen male patients with an abdominal aortic aneu-
rysm admitted for elective surgery were prospectively
recruited into the study. Eight male patients who
decided to undergo TPEG were consecutively
included into the study. In the same study period
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eight male patients who underwent AAA-C were
admitted. The indication for operation did not differ
between the groups. Mean diameter of the aneurysm
was 5.2 cm (5.0±6.3 cm) in the TPEG group and 5.1 cm
(4.1±7.0 cm) in the open group. Patients data are
shown in Table 1. Mean age, height and body weight
did not significantly differ between the groups. All
patients received general anaesthesia during surgery
and a standardized analgetic regime. The two groups
had similar preoperative risk factors. All operations
were performed by the same surgical team using stan-
dardized techniques. Postoperatively, patients were
placed on intensive care unit surveillance for 24 h.
No patient needed further surveillance. ASA classifi-
cation did not differ significantly between the groups.
All operative procedures were performed without
intra- and postoperative complications. Informed con-
sent was obtained from each patient after the proce-
dure had been fully explained.
Surgical technique
TPEG
The endoprotheses used were Vanguard grafts (Boston
Scientific Corporation), a modular system whereby
the individual components are assembled within the
patients to form the desired graft (bifurcated systems).
Each Vanguard graft module consists of Polyester fab-
ric supported by a nitinol framework. The endoproth-
eses were inserted via a femoral incision. In addition,
the contralateral femoral vein was punctured.
AAA-C
Transabdominal repair with a Dacron graft replace-
ment with an inlay technique was the type of
management used for AAA-C.
Routine heparinisation (Heparin 5000 IU) was car-
ried out before aortic clamping or prior to device
placement. Prophylactic antibiotics, usually cephalos-
porin were administered prior to incision in both
groups.
Blood sampling
Venous heparinized blood samples were taken at
baseline, i.e. 24 h before surgery, and 24 , 48, 72 h,
5 and 7 days after surgery. These sampling time points
were chosen, because former studies dealing with the
TH1/TH2 shift have shown that the maximum shift is
reached 24±48 h postoperatively.18
Blood count
A full blood count was performed on all samples
using an Advia 120 (Bayer Diagnostics, Munich,
Germany) which also performed a differential leuko-
cyte count and presented data as absolute numbers
and percentages (leukocytes, neutrophils, lympho-
cytes, monocytes, eosinophils, basophils).
Detection of intracellular cytokines and
cell surface molecules
Peripheral blood mononuclear cells (PBMC) were iso-
lated by standard Ficoll-Hypaque density gradient
centrifugation (Pharmacia, Sweden). Approximately
1106 cells/ml were cultured in RPMI 1640 medium
(Biochrom, Germany) supplemented with 10% auto-
logous serum, 100 U/ml penicillin and 100 mg/ml
streptomycin (Biochrom). Accumulation and staining
of intracellular cytokines was done essentially as
described by Jung et al.24 Briefly, cells were stimulated
for 5 h at 37 C with 5 nM phorbol myristate acetate
(PMA; Sigma, Germany) and 1 mM ionomycin
(Sigma). After culturing for 1 h, membrane ion trans-
port inhibitor brefeldin A (1 mg/ml; Sigma) was
added. Next, cells were washed with phosphate-
buffered saline (PBS; Gibco), fixed for 10 min at 4 C
with 4% paraformaldehyde (Merck, Germany) and,
after further washing, permeabilised with saponin
buffer (0.1% in PBS; Riedel-de-Haen, Belgium). Cells
were then incubated with phycoerythrin-conjugated
monoclonal antibodies (0.4 mg/ml/106) against IL-4
(8D4±8; PharMingen, Germany) and IFN-g (4S.B3
PharMingen) for 30 min at room temperature. After
removal of the permeabilisation buffer by washing,
cells were stained with fluorescent monoclonal anti-
bodies against CD3 and CD4 (Becton-Dickinson,
Germany). Fluorescent cell labelling was analyzed by
four-colour flow cytometry (FACSCalibur, Becton-
Dickinson). Cell surface markers CD14 (MP9
Becton-Dickinson) and HLA-DR (Dreg 65 Dianova)
on monocytes, CD 19 (SJ25C1 Becton-Dickinson) and
CD23 (L307.3 Becton-Dickinson) were analysed using
Table 1. Characteristics and intraoperative parameters of the pa-
tients treated with endovascular (TPEG) or conventional (AAA-C)
surgery (Medians with 95% non-parametric confidence intervals).
No significant differences between the groups were measured.
Parameter TPEG AAA-C
Age (years) 67 (57±78) 62.8 (51±77)
Height (cm) 173.5 (168±186) 172.4 (165±183)
Weight (kg) 79 (71±90) 73.16 (72±80)
Operation time (min) 168 (140±190) 175 (165±200)
ASA-classification II±III II±III
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whole blood techniques as recommended by the
manufacturer.
Statistics
Data are expressed as mean (SEM). Intracellular
cytokine levels of peripheral blood mononuclear cells
were analysed before and after surgical trauma and
compared between groups by the Mann±Whitney
U-test, and within groups by the Wilcoxon-signed
rank test. Twenty-four-hour preoperative sample
values from each patient were set at 100% to standar-
dize the response profile and make results more
comparable. Results were considered statistically
significant if p-values were less than 0.05.
Results
White blood count
The leukocyte count increased in both groups mainly
due to neutrophil elevation. Maximum increase in
neutrophil granulocytes was reached 24 h after sur-
gery (AAA-C: 7.8 109 SEM 1.0; TPEG: 5.5 109
SEM 0.64). The differences were statistically signifi-
cant (24, 72 h: p5 0.05, 48 h: p5 0.005) until the third
postoperative day (Fig. 1). Only minor postoperative
changes in T-lymphocytes, B-lymphocytes and mono-
cytes were observed in both groups. There were no
significant group differences.
Intracellular cytokine production
IFN-g
The TH1 cytokine IFN-g in TH1 cells decreased in
both groups, indicating a decrease in cellular immunity.
The decrease was more pronounced in AAA-C than in
TPEG. As IFN-g is a very fickle parameter, no statis-
tical significance was reached (Fig. 2a).
IL-4
The TH2 cytokine IL-4 in TH cells increased in both
groups. In TPEG, the IL-4 increase occurred after a
latent period of 24 h and was less pronounced than
Fig. 1. Neutrophil granulocyte counts (counts/ml) after endovascu-
lar (&, TPEG) and conventional (⁄, AAA-C) abdominal aortic
aneurysm repair. Data are presented as mean (SEM). Intergroup
differences: *p5 0.05; **p5 0.005.
Fig. 2. Effect of TPEG and AAA-C on the levels of IFN-g (a) and IL-4
(b) producing T-helper cells. Cytokines are expressed as percentage
of baseline levels. Symbols are mean (SEM); &, TPEG; ⁄, AAA-C.
Intergroup differences: *p5 0.05.
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in AAA-C. The signification of the latent period is not
clear, it is probably due to the minor trauma. Signifi-
cant differences were observed 24 h after the inter-
vention (TPEG 89.3% vs AAA-C 236.2%; p5 0.05)
(Fig. 2b). In TPEG, baseline levels were reached
seven days after intervention whereas in AAA-C, ele-
vated values persisted until the seventh postoperative
day (TPEG 107.0% vs AAAC 176.2%).
IFN-g/IL-4 ratio
To illustrate the TH1/TH2 balance, we determined an
IFN-g/IL-4 ratio with 24 h preoperative values set at
100%. Ratios greater than 100% define a shift in the
TH1/TH2 balance towards TH1, whereas ratios less
than 100% indicate a shift towards TH2. In AAA-C,
there was a distinct shift in the TH1/TH2 balance
towards TH2, in TPEG only a slight one. In AAA-C,
the maximum shift towards TH2 was reached 72 h
after surgery at 38.2% (15.1), then a gradual increase
towards baseline values was seen until the seventh
postoperative day. In TPEG, only a slight shift towards
TH2 was seen until the second postoperative day at
90.3% (16.8). From the third postoperative day
onwards, close to baseline levels were reached again.
The differences between the groups reached signifi-
cance 24±72 h (p5 0.05) after surgery (Fig. 3).
HLA-DRpos monocytes
The expression of HLA-DR on monocytes dropped
significantly in both groups. Lowest values were
reached 48 h after surgery (AAA-C: 46.9% 6.1 and
TPEG: 62.6% 6.6). The differences were significantly
different at the first (AAA-C: 60.8% 6.1 vs TPEG:
84.1% 9.6) and second postoperative day (AAA-C:
46.9% 6.1 and TPEG: 62.6% 6.6; p5 0.05) (Fig. 4a).
CD23pos B cells
The FceRII receptor (CD23) on B-cells is up-regulated
by the TH2 cytokine IL-4.23 In the AAA-C group, there
was an increase in CD23pos B cells which peaked on
the first postoperative day at 108.4% (6.7). In the
TPEG group a slight decrease was seen from the
third postoperative day onwards. At the seventh post-
operative day CD23posB cells were still decreased in
the TPEG group (82.5% 10.2) whereas baseline values
Fig. 3. IFN-g/IL-4 ratio illustrates the TH1/TH2 balance;
ratios5100% indicate a TH2 type response. Symbols are
mean (+SEM). *p50.05; &, TPEG; ⁄, AAA-C.
Fig. 4. Time course of HLA-DR on monocytes (a) and CD23 on
B-cells (b) after &, TPEG and ⁄, AAA-C. Symbols are mean
(SEM); Intergroup differences: *p5 0.05.
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were reached in the AAA-C group (99.34.3). Group
differences were not statistically significant (Fig. 4b).
HLA-DRpos monocyte/CD23pos B-cell ratio
The TH1/TH2 balance was once more characterized
by forming a relative HLA-DRpos monocyte/CD23pos
B cell ratio and setting 24 h preoperative values to
100% (Fig. 5). Ratios greater than 100% again define
a shift in the TH1/TH2 balance towards TH1, whereas
ratios less than 100% indicate a shift towards TH2. As
in the case of the TH1/TH2 intracellular cytokine
balance, a significant switch towards a TH2 type
response was observed in both patient groups. The
shift was stronger in the AAA-C group than in the
TPEG group, and significant differences were noted
24±72 h after surgery (p5 0.05).
Discussion
A recent article reviews various published studies on
the outcome of the immune response after conven-
tional versus endovascular abdominal aortic aneur-
ysm repair. It stresses the conflicting data presented
in the literature regarding the secretion of cytokines
and the expression of adhesion molecules.10 In most of
these studies, single pro-inflammatory (TNF-a, IL-6,
IL-1b, IL-8) and/or anti-inflammatory proteins (IL-
1ra, TNFsr1, TNFsr2, IL10) in plasma and different
cell surface molecules were investigated with very
different results. This is probably due to the fact that
nearly all cytokines and mediators can be produced
by a variety of cells within and outside of the immune
system.26 As the response of the immune system to a
traumatic event is complex, single cytokines in plasma
only partly relate to the extent of local surgical trauma.
That is why we focused our studies on the TH1/
TH2 balance and measured the intracellular cytokine
concentration in TH cells. These changes probably
reflect the extent of surgical trauma more precisely
than the response of single cytokines in plasma.18,19
TH1 cells produce, inter alia, the cytokines IFN-g and
IL-2. They mediate cellular immune responses, also
known as the specific inflammatory response. TH2
cells produce IL-4 and IL-10 and mediate the humoral
immune response which resembles an anti-inflamma-
tory response, due to its inhibition of specific
inflammtory events.20,26
In our study, the concentration of the measured
intracellular TH1 cytokine IFN-g decreased, whereas
the TH2 cytokine IL-4 increased regardless of the sur-
gical procedure used. When we determined the rela-
tive TH1/TH2 ratio (IFN-g/IL-4), AAA-C led to a
significant shift towards TH2 whereas TPEG led to
only a minor shift. The differences in the TH1/TH2
ratio between the groups were significant from the
first to third postoperative day. Therefore cell
mediated immunity is more suppressed in AAA-C
than in TPEG. The reason for that observation is prob-
ably that TPEG requires neither incision to the peri-
toneal serosa nor extensive intra-abdominal dissection
or aortic clamping so that the magnitude of operative
trauma is minor in TPEG. In recent studies it was
shown, that minimal-invasive cholecystectomy, a pro-
cedure with only small incisions of the peritoneal
serosa, led to a minor shift in the TH1/TH2 balance
towards TH2 than conventional cholecystectomy, thus
confirming our data.16,21 It is interesting that five days
after surgery, the immune balance following AAA-C
was not yet restored, whereas following TPEG com-
plete remission was observed. This shows that the
magnitude of surgical trauma has a prolonged effect
on the TH1/TH2 immunobalance. This concept is also
supported by our observation that the expression of
the class II MHC molecule HLA-DR on monocytes is
downregulated after surgical stress. Previous studies
demonstrated the crucial role of HLA-DR monocyte
antigen expression in assessing the function of the
immune system.27±29 In our study, there was a signifi-
cant decrease (compared to baseline levels) which
followed the same course in both groups. The
decrease was significantly less pronounced in the
TPEG group 24±72 h after intervention. Other authors
have also shown that both types of repair lead to a
downregulation of HLA-DR on monocytes. Although
the downregulation was stronger in the conventional
Fig. 5. HLA-DR on monocytes/CD23 on B cells ratio illustrates the
TH1/TH2 balance.; ratios5 100% indicate a TH2 type response.
Symbols are mean (+SEM). *p5 0.05; &, TPEG; ⁄, AAA-C.
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group, they did not observe significant differences
between the endovascular and conventional
procedure.28,30
HLA-DR expression on monocytes is regulated by a
large range of factors, but the TH1 cytokine IFN-g
plays a most important role in its regulation. There-
fore, HLA-DR on monocytes reflects TH1 activity.31,33
In contrast, the IgE receptor FceRII (CD23) on B cells is
upregulated by the TH2 cytokine IL-4 and mirrors
TH2 activity.23 When we determined the TH1/TH2
related ratio HLA-DRpos monocytes/CD23pos B-cells
it was again observed that AAA-C leads to a signifi-
cantly stronger shift towards TH2 activity than TPEG.
The shift persists in the AAA-C group until the fifth
postoperative day, whereas in the TPEG group base-
line levels were reached at the fifth postoperative day.
Postoperative immunosuppression and dysbalance
of TH1 and TH2 type immunity are physiological
processes and part of the neuro-humoral stress
response to surgical trauma. The cellular and molecu-
lar basis of the regulation of the TH1/TH2 balance
after trauma remains unclear.33 Austrup et al.34
showed that the local recruitment of TH cells into
traumatized tissue is regulated by P- and E-selectins
(CD62E and CD62P) which adhere selectively to TH1
but not TH2 cells. Therefore, the shift in the TH1/TH2
balance probably partly reflects the different traffick-
ing of the two TH subsets to the site of local trauma
and is dependent on the magnitude of local surgical
trauma. Galle et al.11 did not find any significant dif-
ferences in P- and E-selectin plasma levels between
the endovascular and open group and Schumacher
et al.35 found an increase in E- and P-Selectin within
12±24 h after implantation of the endovascular device.
They did not investigate these parameters in conven-
tional aneurysm surgery. As P- and E-selectin are
secreted by the endothelial membrane of the aortic
aneurysm wall these results contribute data that the
way of device placement may play an important role
in inducing immunological changes after TPEG.
Beside the local recruitment of TH1 cells at the trauma
side, other mechanisms may play an important role in
the postoperative TH1/TH2 balance regulation. The
suppression of TH1 immunity may occur due to an
enhanced apoptosis rate of TH1 cells as some authors
assume.36,37 However further investigations are
necessary.
Although postoperative immunosuppression and
dysbalance of cell-mediated and humoral immunity
are partly physiological processes, the change in T cell
responses are of important clinical significance. TH1
cells participate in the eradication of intracellular
pathogens such as bacteria, parasites and viruses.
TH2 cells can activate mast cells and eosinophils and
mostly mediate humoral immunity.38 Thus, depressed
cellular immune functions after surgery are presumed
to render patients more susceptible to pathogens,
whereas up-regulation of TH2 immunity has no
immediate negative consequence for the patient
but may trigger antibody-mediated autoimmune
diseases.39 These pathological consequences make
the TH1/TH2 balance an important factor for the
evaluation of the risk of postoperative complications,
especially in elderly and high risk patients.
The process of ageing appears to exhibit a dynamic
TH1/TH2 cytokine profile itself. In elderly patients, a
TH2 cytokine type is predominant.40 The increase in
infection rates and the reappearence of latent viral
infections is presumed to be the result of decreased
cellular immunity and the predominance of a TH2
response.41 If the immune balance additionally shifts
towards TH2 by surgery, infection rates may increase
in these patients. Our results show that, even on the
fifth postoperative day the TH1/TH2 immune balance
was not yet restored in the AAA-C group. The shift
towards TH2 may result in an inability to react appro-
priately against an additional antigenic challenge,16
and may cause an immune paralysis. Thus especially
elderly patients may profit from the less stressful
endoscopic procedure. In addition our immunological
data are consistent with the clinical findings of some
authorsthatTPEGreducesprocedurerelatedmorbidity,
that it leads to a more rapid convalescence and
decreased mortality rates compared to AAA-C,1±5,43
particularly in patients with other significant medical
comorbidity. In our patients no signs of a so called
postimplantation syndrom after stent graft implanta-
tion, occurred.
In summary, our results indicate that TPEG leads to
a lesser shift in the TH1/TH2 immune response than
AAA-C. Although the mechanisms of this immune
response are not yet understood, this implies that
TPEG is the less stressful procedure and should be
performed especially in elderly patients or in patients
whose conditions are previously considered unfit for
conventional treatment of the aneurysm due to ser-
ious comorbidity. In these patients, TPEG should lead
to less immunological impairment than open repair
and make patients less susceptible for infections. In
patients without significant risk factors, open surgery
can be performed.
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